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During some last years a number of papers dealing with an extraction
of low-rank and brown coals, as well as of hard and soft woods with
dense ammonia or supercritical amines were published [1—4]. Those
nitrogen-containing compounds are proved to be very useful in develop-
ing a low-severity liquefaction of solid fuels. For instance, due to a
cleavage of hydrogen or ether bonds in a macromolecule, dense ammonia
and n-propylamine or i-butylamine provide a high (> 90 %) conversion
of the fuel’s organic matter (OM) [3, 4].

There are three papers [5—7] available on the thermal degradation
and liquefaction of the kukersite oil shale in contact with selected
nitrogen-containing compounds, such as ammonia, urea and some ammo-
nium salts. In [5], it is reported that by the thermolysis at 360 °C, urea
or the ammonium carbonate present contribute to a significant increase
in the nitrogen content of the extract. That suggests the ammonolysis
of the kukersite structural elements leading to a formation of aliphatic
amines.

In the paper [6] dealing with semicoking of the kukersite OM (kero-
gen) in contact with ammonium halides, it is established that ammonium
by itself has no influence upon the yield and content of the produced
shale oil. But, the halogen acids formed via the chemical decomposition
of ammonium chloride, bromide or iodide catalyze the cleavage of the
ether bonds existing in kerogen.

In [7] there is described the study of the ammonolysis of kukersite
with dense ammonia (0.8 of the critical density) and with a water/ammo-
nia mixture at 320 and 350 °C. A remarkable consumption of ammonia
under these conditions was established as well. It was found that the
benzene extract from the ammonolysis product contains 1-alkenes and
5-alkyl-resorcinols, i.e. compounds that are very typical of the kukersite
thermal degradation. A high-polar group with a high nitrogen content
was also present. The supposition was made that in such temperature
conditions, several concurrent processes take place: acylation between
ammonia and some functional groups that are present in a macromole-
cule of kerogen, transformation of resorcinol precursors into alkylresor-
cinols, as well as the thermal degradation of kerogen. -

Experimental

To carry out the ammonolysis more conveniently and at lower tempe-
ratures, we used hexamethylene tetramine (methenamine) instead of
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liquid ammonia. A 440 cm® autoclave was used. The methenamine’s ability
of carbonizing above 260 °C with evolving ammonia was used in generat-
ing the dense ammonia atmosphere over the beneficiated (93 % OM)
kukersite powder. So, at 270—280 °C the “low-temperature” ammonoly-
sis of kerogen is possible.

The aim of the present paper is to verify the above statement and to
give an insight into this process. For this purpose it was required first
to separate the nitrogen-containing compounds from the solid ammono-
lysis product and then to identify them.

50 g (46.5 g OM) kukersite and 90.5 g methenamine (chemically pure)
were introduced into the autoclave on two layers, separated by a glass
silk disk. The lower layer was the reagent, the upper one oil shale. Ulti-
mate analysis data for kukersite oil shale are given in Table 1.

Table 1. Analysis of the solid ammonolysis product
and the beneficiated kukersite fines

(particle size 0.02—0.2), wt.-%

Tabruya 1. Pe3ynbpTaThl aHAJIH3a TBEPHOTr0O NPOLYKTa
aMMOHOJIM3a ¥ MEJIKO3EPHHCTOr0 KyKEepCHTa

(pasmep uwacrun 0,02—0,2 mm), %

Indices Ammonolysis Kukersite
product

Ultimate analysis

Moisture 20.0 1.5

Ash, dry basis 4.9 5.0

C, d.a.f. basis 71.8 76.7

H 9.6 9.7

N 9.6 0.3

O + S (diff.) 9.0 13.3

Solubility at the ambient temperature,
d.a.f. basis, in:

Benzene 34.2

Cloroform 50.6

The reactor was heated at a rate of 16 deg/min to (270+5)°C. The
duration of the process was 5 hr. and the pressure of ammonia at this
temperature 20.0 MPa, but its density (calculated) was only 50 9% of the
critical. After cooling down the autoclave, the upper layer in the auto-
clave, i.e. the ammonia-treated kukersite, was carefully removed from
the reactor avoiding any mixing with the carbonized residue from the
reagent. Next, the ammonolysis product was washed with benzene or
chloroform at an ambient temperature. The “cold” extracts were subjected
to i.r. and 'H n.m.r. spectroscopy by Specord IR-70 and Tesla BC 567,
100 MHz spectrometers and separated into groups or parts on silica gel.
On separation, there was used hexane to distribute the groups over the
adsorbent layer. The procedure has been thoroughly described in [8].
As a drawback, 60—70 9% of the extract, the most polar group, does not
elute staying at a “startline” during separation. To decrease the analy-
tical problems emerging with the retended “startline”, the chloroform
extract was split in half: one that was adsorbed on silica gel and the
other that was not adsorbed on it (silica gel L. 100/60 um Chemapol). The
former was washed out with a 1:1 methanol/diethyl ether mixture.
The groups separated on silica gel were analysed by a gas chromato-
graphy using a Chrom 4 chromatograph equipped with columns
(8.5 m X 3 mm i.d.) filled with the liquid phase E-301 on Chromaton—
N—AW—HDMS (particle size 0.125—0.160 mm). Elemental analyses
were carried out with the aid of a Hewlett-Packard CHN Analyser.
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Results and Discussion

The yield of the dry solid ammonolysis product was 99 %, kerogen basis;
the general characterization of the product is given in Table 1.

Attention must be paid to increased moisture and nitrogen contents
in the ammonolysis product. The moisture content exceeds its initial
level in the kukersite powder by the factor of 13; and that of water
evolving during kukersite thermal destruction at 275°C exceeds the
initial content tens times the latter being 0.34 9% according to [9]. Undoub-
tedly, such a great value is caused by a certain amount of physically
adsorbed ammonia desorbing at the temperature of the moisture deter-
mination (105 °C). The ammonolysis product becomes easily soluble in
organic solvents; that was never achieved on short-term heating of kero-
gen to 300 °C, but it has been realized by using some reagents (AlBrj;)
in determining the functional groups of kerogen [10].

Table 2. The group composition of the extracts and the part

from the chloroform extract, wt.-%,

Tabruya 2. TpynmoBol COCTaB 3KCTPAKTOB M HeanCcopOHpyIlomelca 4acTH
xJaopodopMeHHOro 3KCTpaKTa, % »

Group Benzene extracts from Chloroform Unadsorbed on
extract silica gel part
liquefaction ammonolysis of the chloro-
in benzene, form extract
by [5]
Hydrocarbons:
nonaromatics 72 11.3 9.5 24.8
arenes:
alkylbenzenes 2.4 3.1 2.5 10.5
polycyclic aromatics 4.2 4.5 8.0 10.1
Phenols not not 0.5 0.0
determined determined
Neutral oxygen contain-
ing compounds 10.2 6.1 10.1 3.3
High-polar compounds 83.0 75.0 69.4 51.3

So, ultimate analysis provides a preliminary information on the pro-
ceeding reactions. The group composition of the extracts is shown
in Table 2, the elemental composition of the chloroform extract and
its parts in presented in Table 3. The yield of unadsorbed and adsorbed
parts was 62.1 % and 37.8 % respectively. It was found that the group
composition of both extracts was very close to that of the liquid pro-
duct obtained from the kukersite liquefaction with supercritical benzene
as an inert medium at 300—370 °C [11, 12]. All the extracts are charac-

Table 3. Elemental composition of the chloroform extract,
its unadsorbed and adsorbed parts and the high-polar
group from the unadsorbed part (in brackets), wt.-%
Tabauya 3. OIeMEeHTHBIH COCTAB XJIOPO(OpPMEHHOro
3KCTPaKTa, ero ajacopéupyromenca 1 Heanacopoupylomenca
YacTed ¥ BHICOKONOJAPHOH Irpynmsl M3 Heancopompyro-
meica yactu (B ckobkax), %

Element Chloroform Unadsorbed Adsorbed part
extract part 62.1 % 37.8 %

C 71.4 75.3 (68.5) 60.6

H % 7.8 8.6 ( 6.9) 7.6

N 12.0 9.2( 84) 16.7

O + S (diff.) 8.8 6.9 (16.2) 15.1
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Fig. 1. Gas chromatograms of ketones in chloroform extract (4) and
in the part of this extract unadsorbed on silica-gel (B). The number
at the peak top indicates the carbon chainlenght

Puc. 1. XpoMaTorpaMMbl KE€TOHOB XJIOPOGODPMEHHOro 3KcTpakTa (A)
u Heazcopbupylomeiicsa Ha cunukaTesne dactu (B). [fludpsl ykaszeiBaoT
YHCJIO ATOMOB YIJIEPOZA B MOJIEKYJ€ KETOHAa

terized by an increased content of high-polar compounds, but in the
case of ammonolysis, the high polar compounds as well as the extracts
or their parts are rich in nitrogen (Table 3). Using gas chromatography,
no differences were observed in the distribution of nonaromatic and
aromatic hydrocarbons, as well as neutral oxygen-containing compounds
(ketones) in the extracts from kerogen liquefaction with the fluid-phase
benzene and “cold” extraction with chloroform from the kerogen ammo-
nolysis product. The long-carbon-chain ketones are concentrated in the
part of the chloroform extract not adsorbed on the silica gel (Fig. 1B).
The i.r. and 'H n.m.r. spectra of the extracts are given on Figs. 2 and 3.
On that ground it was established that the nitrogen-containing com-
pounds in the extracts are represented mostly by primary and N-substi-
tuted shorter-chain amides because the absorbances at frequencies 3350,
3180 (both are influenced by the OH-group), 1665, 1560 and 1410 cm — pre-
dominate, but to certain extent the nitriles are also present (2220 cm—1).
The absorbances at these wave numbers, except the 2200 cm—! region, are
observed in the i.r. spectrum of the adsorbed part of the chloroform
extract (Fig. 2). The stretch vibrations between the C—N atoms in pri-
mary amides (1410 cm—!) are absent in the spectra of the extracts from
the product of kukersite ammonolysis at 350 °C with a water-ammonia
mixture [7]. Somewhat surprising is the existence of the non-shoulder-
free band at 3400 cm —! and the band at 2630 cm—! in the i.r. of the unad-
sorbed part (Fig. 2, spectrum 4). Probably, they belong to the secondary
alcohol dimers. Taking into account the intensive band at 1620 cm—! and
the elemental composition of this part, we are of the opinion that these
characteristic bands may appear as a result of the enolization of the
compounds with the polycarbonyl group. To the existence of these com-
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Fig. 2. 1.r. spectra of extracts from kukersite ammonolysis product:
1 — benzene extract, 2 — chloroform extract, 3 and 4 — the adsorbed
and unadsorbed on silica-gel parts of chloroform extracts respec-
tively, 5 — the high-polar group of chloroform extract

Puc. 2. UK-crieKTpHI 3KCTpakToB ITA: ] — GeH30JIbHBEINA BKCTPAKT, 2 —
xJopodopMeHHEIR sKCTpakT, 3 u 4 — ajxcopOupylomasicsa U HeaJcop-
Oupyromasacsa 4acTu XJIOPOGOPMEHHOTO 3KCTPAKTa, 5 — BBICOKOIOJIAD-
Had rpynmna xXJopodopMEeHHOI'0 SKCTPaKTa

pounds indicates also the i.r. spectrum, of a high-polar group from the
unadsorbed part (Fig. 2, spectrum 5). It is supposed that the high-polar
group contains a compound with a formal brutto formula evaluated
by the elemental composition, i.e. C;;H;30:N, and containing structural
units —CO—NH— and = CH—CO—R. The alkoxy group is also sup-
posed to be existing in the extracts and their parts. That can be concluded
from the stretching vibrations at frequencies 1070—1140 cm—1L

Table 4 gives the proton distribution calculated from an integral
curve of the 'H n.m.r. spectrum. The conditions for taking the spectra
were following: internal standard hexamethylene disiloxane (HMDSO);
solvent CDCl;; sample femperature 32 °C; acquisition time 7 psec.; flip
angle 90; pulse delay 6 s, number of scans 200.

The distribution of protons showes that:
(1) the average chain length of the alkyl group in the compounds can be
7—9 C atoms;
(2) the resonance signal of about 10 9% of protons is influenced by the
nitrogen-containing substituents (chemical shifts at 2.00—2.71 ppm);
(3) the content of structural units with a double bond between the C atoms
in the chloroform extract is twice as in the benzene extract (chemical
shift at 1.90 ppm). There are also protons with the vicinity to the ether
bond (chemical shifts at 3.28—3.70 ppm). Thus, the analysis of 'H n.m.r.
spectra confirms the conclusions made in interpreting the i.r. spectra.

It is established that the ammonolysis product is highly soluble in
some organic solvents. For instance, comparing the group composition
of two benzene extracts, it can be seen that the ketones content in the
benzene extract from the ammonolysis product is 1.5 times lower and
that of nonaromatic hydrocarbons 1.5 times higher than that in the
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Table 4. The distribution of the protons
in the extracts, wt.-% of total
Tabaruya 4. PacupepnesieHne IPOTOHOB
B JKCTpaKTax, %

'"H chemical Chloroform Benzene extract
shifts, ppm extract

0.81 6.6 8.6
1.19 36.8 36.4
1.90 11.0 4.6
2.00 3.8 4.9
2.23 ‘ 6.6 4.9
2.56 4. 4.6
2.711 6.1 5.6
2.81 1.9 1.8
2.88 1.2 1.2
2.94 1 1.2
3.28 1.6 1.5
3.61 0.6 0.5
3.70 0.5 0.3
A

(PO

ppm

Fig. 8. '"H n.m.r. spectra of benzene (I) and chloroform (2) extracts
from kukersite ammonolysis product

Puc. 8. '"H AMP-cnexTpnl GensombHoro (1) m xmopodopmenHoro (2)
sKcTpaKToB ITA
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liquid product from kerogen treatment with supercritical benzene
(Table 2). Probably, the “consumption” of ketones and release of hydro-
carbons during ammonolysis results from the cleavage of particular
bonds in the kerogen macromolecule, which yield no liquid product,
but the process makes the solid and chemically treated kerogen sensi-
tive to solvents, enabling its easy solubilization.

Discussing this phenomenon we refer to the structure of the kuker-
site macromolecule, which is thought to be a geopolymer with a number of
so-called kerogen units linked with each other via the ether bridges [13].
In the ammonolysis carried out under the above-mentioned conditions
not all available ether bridges are cleaven and reformed, because it is
a short-term process at relatively low temperatures and, also, ammonia
itself is an unbecoming reagent to destruct the ether bonds. But inside
the kerogen unit there are certain subunits able to react with ammonia.
It is supposed that the alkylresorcinol precursor is the available struc-
tural unit; its hypothetical composition is described in [14, 15]. The alkali
medium created by ammonia and the water evolved from short-term
thermal degradation of kukersite decyclisizes this precursor on ammo-
nolysis:

?005

HO, CH- CO
G CH,—> R—C0—CH,~CO—CH,—~CO~CH,—COOH (1)

N
7 c—co”

The result is the formation of long straight-chain polyalkanones. The
acylation of ammonia with that polyalkanone takes place and N- and
O-rich high-polar compounds having the above-mentioned structural
units are formed. We suppose that the formation of the compounds
containing carbonyl and NH-groups is accompanied by the cleavage of H-
and some polarized bonds. The reduction of the carbonyl group by
Kizhner-Wolf- or Klemmensen-type reaction is supposed to be negligible.
Thus, the cleavage of several types of bonds promoted by the acylation
of ammonia with an alkylresorcinol precursor is considered to be the
main feature of kukersite low-temperature ammonolysis. The process
tﬁkes place inside the kerogen unit preserving most ether bridges between
them.

FO.T.TEJEP, X. I1. OA, H. II. BUHEK, JI. A. JIAXE

B3AUMOJENCTBUE AMMHAKA IIPU PA3JIOKEHHUU I'EKCA-
METHJIEHTETPAMHHA CO CJAHIIEM-KYKEPCHTOM

Pe3srome

W3yyeHsl BO3MOMXHOCTH OCYIIECTBJIEHUS AMMOHOIH3A KOHIIeHTpaTa CJaHIa-
kykepcuTa (93 % opramumueckoro semecrsa (OB)) mpu 270 °C. AMMrak, o6pasyio-
IMACH B X0/le MATHYACOBOTO BKCIIEPUMEHTA IIPH obyraeposxusanuu 90,5 r rexca-
MEeTHJIEeHTeTPAMUHA, CO3JaJl BHYTDH aBTOKJIABa eMKoCTbio 440 cm® pasienue
20,0 MIla. IIpogyKT aMMOHOJIM3a (ITA) c Brixozom 99 % na OB mnpezxcrasiser
co6o¥ TBEpJOe ChHIydee BENIECTBO (PE3yJbTATHI TEXHUYECKOTO aHaguza ILA mnpex-
CTaBJIeHBI B Ta6Gu. 1).

O6napysxena xopomas pacTBopuMocTb IIA B 6ensone u xJsopodopme. O6a
BKCTpaKTa ucciaexosanu UK- u 'H SAMP-CIeKTPOCKOIMYECKM MY MEeTOLaMHu.

XnopodopMeHHBIH U GeH30IbHBIH 9KCTPAKTHI MONOJHHUTEJILHO pa3lesjsau Ha
TPYONBl COEAUHEHUH METOAOM TOHKOCJIOHWHOM xpomaTtorpaduu. IlocKoabKy mnpwu
pasjielleHny XJI0poOpPMEHHOro sKCTpakTa okoso 70 % He nepeMeniaeTcss IoTo-
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KOM H-TeKCaHa Ha cJjioe cuiaukarens mMapku L (pasmep 3epen 60—100 mMxMm), To
JJIf yCTAHOBJIEHUS A30TCOAEPIKAINUX COELUHEHWH NaHHEIA DKCTPAKT OBLI ZOMOJI-
HUTEJBHO pasjesieH Ha aAcopbupylomyiocs U He aJcOpOMpYyIOIIylocA Ha CHJIHKA-
reje 4acTH.

DJIeMEeHTHBIA COCTAB HCXOAHOTO XJOPOMOPMEHHOr'O0 BSKCTPAKTa # 3THX ABYX
YyacTel, a TaKiKe UX KOJMYECTBO AaHbI B Tabiu. 3. OcobeHHO MHOTO a30Ta B XJIOPO-
GbopMEeHHOM 3KCTpaKTe M B TOM €ro 49acTH, KOTopas ajfcopbupyeTcs Ha CHIHKA-
reue, HO BEIMBIBA€TCA CMEChIO METAHOJI-AU3TUIOBEIM 3dup (1 : 1). Ilo rpynmosomy
COCTaBy SKCTPAKTHI PA3JIMYAIOTCS MaJi0 U MOXOXKH Ha JKUAKUH IPOAYKT, IOJY-
YEeHHBIM CO CBEPXKpPUTUYECKHUM OenszosioM (Tabn. 2). I'a303KHAKOCTHEIA XpoMaTo-
rpadudecKkuii aHanu3 He OOHAPYKHUJ Pa3JH4YMi B COCTaBe HEapPOMATHYECKHUX U
apoMaTHYECKUX YTJIEBOLOPOLOB M KETOHOB B 3KCTpakTax (Tabi. 2). MckiaodyeHHEM
SABJIAIOTCS KETOHEI B He a/COpOUpyoNIelics JaCTH XJI0POGOPMEHHOr0 3KCTPaKTa —
OHHM OTJMYAKOTCHA AJMHON yrJIEepogHOH menu, B KOTOpoi Gomee 20 aToMoB yrie-
pozxa (puc. 1B).

UK- u 'H AMP-cexTpsl sKCTpakToB IIA mpeiCTaBIeHEl HA DHCYHKax 2 W 3.
Ha HWK-cmekTpax AOMHHHUDYIOT IIOIJIOIIEHWS IPH BOJHOBBEIX YHCJIAX, XapakTep-
HBIX #as amugoB. Oguaxo Ha HMK-cmexTpax HeajgcopOupyromeiica 4acTH XJIOPO-
dopmenHoro skcrpakTa (puc. 2, cuekTp 4) MMEITCS IIOJIOCH IOIJIOUEHHUS IIPHU
3400 u 2630 cm—!, KoTopmle, MO BCEM BEPOATHOCTH, OoTHOocATcA K OH-rpymme
B AUMepaxX BTOPUYHEIX COUPTOB. [I[puHMMas BO BHUMAHHE M WHTEHCHUBHOE IIOIJIO-
menue npu 1620 cM—!, a TakKe 3JIEMEHTHEIM COCTAB AAHHOM YACTH, ABTODHI CUH-
TAIOT, YTO NOTJIOLIEHHWS IIPH STUX BOJHOBBIX YHCJIAX XapaKTEPU3YIOT EHOJIBHYIO
dopMy coepuHEeHHH ¢ TONUKAPOOHUIBHEIMY rpynnaMu. Ha Hajuuue TaAKUX COELH-
HeHuH ykaseiBaeT U VK-CIeKTp BEICOKONOJISPHON IPYINEI OT 3TOM YacTu (puc. 2,
cunekTp 5). Ilpepmosiaraercs, 4YTO B BBICOKOIIOJIAPHOM rpymnme ¢ OpyTro-dopmy-
noit CH 302N copgepixarcsi Takue CTpyKTypHEle enuHunbl, kak —CO—NH— u
=CH—CO—R. B jomosiHeHHe K HHUM, IJId BCEX DKCTPDAKTOB M HMX YacCTed CBOWM-
CTBEHHBI IOTJIOIIEHUA, XapPaKTEePUIYIOIHE AJIKOKCH-TPYIIIEL.

B rabiune 4 mpeacTaBieHO pacCIpeAesieHHe MPOTOHOB II0 XMMHUUYECKHM CIABUTaM
B COEJMHEHHUAX, HAXOAAMUXCSI B DKCTPAKTaX. 3aMETHO, 4TO:

1) cpepHAA AJWHA YrJIEPOAHON LENH B AJKUJIBHOM DajJUKajie COCTaBisieT 7—9
aTOMOB yTIJIepOZa;

2) Ha pes3OHaHCHHIH curHayx oxkoio 10 % NPOTOHOB BIMAIOT CTPYKTYDHBIE €IWUHH-
IBI, COepJKallie aToOM a30Ta;

3) B X710p0(DOPMEHHOM 3SKCTPAKTE COAEPIKAHHE CTPYKTYPHBIX E€JUHHUI[ C ABOMHOMN
CBA3BIO MEXJY aTOMaMH yrjepoia BABoe boibime, yeM B GersosbHoM. B 'H AMP-
creKTpax O0OHapyXHBAIOTCA W PE30HAHCHEIE CHTHAJIEI MPOTOHOB (3,28—3,70 m.x.),
HaXOAAIIUXCA B COCEACTBE C 3UPHEIMU CBSA3SIMHU.

IIpu cpaBHEHHM TIDYIIIOBOTO COCTaBa OEH3O0JILHBEIX 3KCTPAKTOB aMMOHOJIH3a H
TEepMOJIN3a B Cpefieé CBEPXIJIOTHOro 0eH30s1a BHAHO, YTO B BKCTPAKTE TEPMOJIH3a
cozepXaHue KeToHOB B 1,5 pasa OoJsiblne, a HeapOMaTHYECKHX YIJIEBOLOPOLOB —
BO CTOJIbKO JXe pa3 MeHbIIe, 4eM B sKcTpakTax IIA. OueBHZHO, Takoe <«IOTpeG-
JIeHHEe» KeTOHOB M «BBIJEJIEHHE» HEeapOMaTHYECKUX YIJIEBOAOPOZOB IPH «HHU3KO-
TeMIepaTypHOM» aMMOHOJIM3€ CBS3aHO C pa3pPHIBOM OIPEJENeHHBIX CBS3el
B MaKpDOMOJIEKyJieé KeporeHa KykKepcuTa. PeayabTaT 3TOro pasphiBa — Jerkas
pPacTBOPUMOCTEL TBepAoro IIA B OpraHMYECKHUX PACTBOPUTEIAX.

IIpexmosaraercs, YTO aMMHUAaK aTaKyeT He 3(QUDHEIE CBSA3U MEXAY MaKPOCTDYK-
TYPHBIMH €IMHUIIAMY B MaKpPOMOJIEKYJI€ KEPOTeHa, a «IPEeAIIeCTBEHHAKOB» aJIKMJI-
PE30PIIMHOB, KOTOPhIE HAXOAATCA BHYTPH 5STHX MaKpPOCTPYKTYDHBIX E€LWHHIL.
B uwacTHOCTHM, aMMHaK H BOJAa, BBIAEISIONIUECS IOJ BIUSAHHEM TEMIIEPATYDEHI,
CO3ZAIOT INEJOYHYIO CpPEAy, CIOCOGCTBYIOIIYI0 MENMUKIU3AIMUU <«IIpEeJIIeCTBEeH-
HHUKa» ¥ 00pasoBaHMIO JIMHEHHOr0 MOJHATKAHOHA. 3aT€M MMEEeT MECTO peaKI[Uusi
MEXJAy aMMHAaKOM U IIOJHAJIKaHOHOM C OOpasoBaHWMEM KHCIOPOACOAEPIKAIIUX
coeguHeHU#, OGoraTeix azoroMm. I[Ipejmosaraercs, 4YTO BOCCTAaHOBJIEHHE Kapbo-
HUJIBHBIX TIDYINI B JIMHEHHEIX IOJNUaJIKaHOHAX nmo Kuxuepy-Boasdy u Kiemmesn-
CeHy M3-3a OTCYTCTBUSA NMOAXOAAIIMX YCIOBHH HE IIPOTEKAET.
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